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(54) Method and apparatus for 
crushing materials such as minerals 

(57) Lumps of a mineral or like 
material comprising two or more solid 
phases at least one of which is 



electrically semi-conductive and of 
different conductivity and permittivity 
from the other or others are subjected 
while immersed in water or other high 
dielectric medium, to the action of an 
electrical discharge of high enough 
potential to ionize the mineral. The 
discharge so generated crushes the 
lump. The electrodes between which • 
the discharge occurs are so arranged 
that the discharge is substantially 
wholly dissipated in the lump. The 
invention is especially useful for 
freeing diamond from kimberiite. 




SPECIFICATION 

Method and apparatus for crushing materials 
such as minerals 

This invention relates to the crushing of 
5 materials such as minerals comprising two or 
more solid phases, at least one of which has 4 
electrically semi-conductive properties. 

The present inventor has described (Andres, 
International Journal of Mineral Processing 4 
10 (1977) pages 33—38) a method of disintegrating 
ores by passing electrical discharges therethrough 
while the ore is immersed in water or transformer 
oil. The passage of the electrical discharge 
through the ore causes it to break up, and the 
1 5 disintegration mainly occurs along surfaces of 
least electrical resistivity and mechanical 
cohesion, which in practice often coincide with 
mineral phase boundaries in the ore. This causes 
the ore to be largely broken up into monomineral 
20 grains, and to a greater extent than with purely 
mechanical processes of disintegrating minerals 
operating by compression or impact. The process 
described in the paper differs from other known 
processes for disintegrating minerals by means of 
25 an electrical discharge in that the electrical 
discharge passes directly through the mineral 
itself. In the other methods, the electrical 
discharge passes through the liquid medium in 
which the mineral is immersed, and the break up 
30 of the latter is caused by the shock waves 
produced in the liquid medium. An important 
advantage of this difference is that the process in 
which the electrical discharge passes through the 
mineral itself can be operated in a vessel, e.g. of a 
35 plastics material, which need not be designed to 
withstand high pressures and avoids the wear of 
the mechanical elements contacting the rock 
which are necessarily used in any method of 
compression or impact crushing. 
40 Adaptation of this process to the technology of 
commercial crushing of larger (e.g. 1 0 cm) mineral 
lumps, however, presents considerable technical 
problems. In particular, simply increasing the 
applied voltage and energy so as to maintain the 
45 same potential gradient and energy flow in the 
lump does not give satisfactory results. 

It has now been found that the process 
described in the paper may be substantially 
improved so as to make possible the crushing of 
50 much larger ore lumps, and with a greater 
disintegrating efficiency than was previously 
possible. Study of the process has shown that the 
manner in which the potential gradient is applied 
to lump is of great importance. More particularly it 
55 is necessary to ensure that the electrical discharge 
is confined substantially entirely in the lump to be 
crushed. This result may be secured by a 
combination of two features. In the first place, the 
lump must be immersed in a liquid medium which 
60 has a substantially higher dielectric constant 

(permittivity) and higher breakdown potential than 
the solid lump. Secondly the electrodes used to 
apply the electric field must be immersed in the 
medium and very effectively insulated to prevent 



65 leakage of current by any path other than through 
the lump itself. It is not however always necessary 
for the electrodes to be in actual electrical contact 
with the lump since a small separation does not 
prevent the desired discharge, and is 
70 technologically convenient if the process is 
operated continuously. 

The present invention accordingly provides a 
process for crushing a lump of a material such as a 
mineral comprising two or more solid phases at 
75 least one of which is semi-conductive and of 
different conductivity and permittivity from the 
other or others which comprises subjecting the 
said lump, immersed in an inert dielectric medium 
having a substantially higher dielectric constant 
80 and higher electrical breakdown potential than the 
said lump, to the action of an electrical field of 
high enough potential to ionize at least one phase 
of the said lump so that an electrical discharge is 
caused to pass through the said lump, the said 
85 field and discharge being localized substantially 
entirely in the said lump whereby the said lump is 
crushed. The process is especially useful for 
crushing minerals in which at least one of the 
mineral phases is both economically valuable and 
90 substantially non-conductive electrically. 

Apparatus according to the invention comprises 
a vessel for holding an inert liquid dielectric 
medium having a high dielectric constant and 
higher electrical breakdown potential than the 
95 material to be crushed, two spaced electrodes, 
means for establishing a potential between the 
electrodes sufficient to ionize a lump of material 
placed therebetween, and means for maintaining 
the lump between the electrodes and immersed in 
100 the medium while an electrical discharge is 
passed through the lump, the size of the vessel 
and the arrangement and degree of electrical 
insulation of the electrodes being such that 
substantially all the electrical discharge passes 
105 through the lump. 

The electrical discharge may be brought about 
by discharging a bank of capacitors across the gap 
between the electrodes. A pulse generator, e.g. of 
the Marx type, may be used for this purpose. The 
1 1 0 voltage generated must be high enough to ionize 
the lump between the electrodes. A potential of at 
least 20 kV, and preferably 200 to 800 kV, e.g. 
about 300 kV, may be used in practice with lumps 
of mineral weighing up to about 8 — 1 0 kg each, 
1 1 5 the gap between the electrodes being, for 
example, 1 to 20 cm, and usually about • 
1 0 — 20 cm. 

The arrangement of the electrodes between 
which the electrical discharge is made is 
1 20 fundamental to the improvements obtained by the 
present invention. The electrode at earth potential 
is preferably vertically below the electrode to 
which the high voltage, preferably negative in 
relation to earth potential, is applied. With this 
125 arrangement, the mineral lumps to be broken up 
may rest upon the lower electrode, and this assists 
in concentrating the energy of the electrical 
discharge within the mineral lump. The upper 
electrode to which the high voltage is applied may 
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conveniently be in the form of a cylinder with a 
IP hemispherical end facing the earthed electrode. 
Only the tips of the electrodes are exposed, the 
remainder being, to prevent loss of energy by 
unwanted discharges, and for reasons of safety, 70 
provided with a substantial insulating covering. 
Typically the electrodes are 8 to 20 mm in 
diameter, and have hemispherical, flat or conical 
tips. 

In some cases it can be advantageous to 75 
generate the discharge between electrodes of 
different sizes, i.e. surface areas, and especially 
between a small electrode, usually the earthed 
lower electrode, and a substantially larger 
electrode, to which the high voltage is normally 80 
applied. With this arrangement, the larger 
electrode may have a diameter 2 to 1 0 times that 
of the smaller electrode, e.g. if the smaller 
electrode is 8 to 10 mm in diameter, the larger 
electrode may be about 30 mm in diameter. 85 
• The high voltage electrode is energised by a 
pulse generator which may be operated to give 
repeated pulses separated by a period of, for 
example, a | to 10 seconds. About one pulse per 
second is preferred. The duration of each pulse is 90 
preferably very short, e.g. of the order of a few 
nanoseconds to several milliseconds. 

When the potential is applied the first effect is 
to cause ionization in the lump. At this stage the 
current is essentially zero, but after 95 
1 — 5 nanoseconds as ionization progresses the 
current rapidly rises to a maximum which may be 
as high as 1 5 kA. The discharge, which may last 
50 nanoseconds in all. generates a shock wave in 
the lump which crushes it. 1 00 

The disintegration is brought about by 
mechanical failure of the solid lump as a result of 
tensile stresses, rising from reflection of outward 
running compressive waves from the liquid-solid 
interface and from each discontinuity in the 1 05 

acoustic impedance (i.e. cracks or different 
mineral phase inclusions). Such waves return 
inward as tensile stress waves. Tensile stresses 
open existing discontinuities rather than produce 
new ones. So the disintegration is much less 110 
damaging than with compressive mechanical 
crushing. 

The mineral to be crushed comprises a plurality 
of solid phases having different electrical 
conductivities and permittivities. Overall, the 1 1 5 

conductivity of the mineral must be in the 
semiconductor range since the method is not 
operable with metals and other materials of 
metallic conductivity. Equally, the method cannot 
be used with completely nonconductive materials 1 20 
having very high electrical breakdown potentials. 

In practice, however, a very wide range of 
minerals can be crushed by the new process. The 
latter is particularly interesting in connection with 
minerals which contain valuable inclusions of 125 
essentially non-conductive materials in a 
semiconductive matrix of less valuable mineral. In 
such a case, the tendency of the mineral lump to 
break along the phase boundaries is enhanced in 
relation to the boundary between the valuable 1 30 



mineral and the matrix, thus facilitating separation 
of the valuable non-conductive material from the 
less valuable semiconductive material. This state 
of affairs applies in connection with the mineral 
kimberlite which, as is well known, may contain 
inclusions of diamond. Kimberlite is 
semiconductive, but the diamond inclusions are 
highly resistive. It is a disadvantage of current 
methods of liberation of diamonds from kimberlite 
that they may cause damage to the diamonds. The 
.new method substantially reduces the risk and 
thereby leads to increased liberation of larger size 
diamonds. Other minerals which can be 
comminuted include pegmatite containing 
inclusions of emerald, ruby or sapphire, and 
granites. 

The liquid medium in which the mineral lumps 
are immersed during disintegration may be any 
inert liquid dielectric which does not react with the 
electrodes or the mineral itself and which has a 
higher permittivity and electrical breakdown 
potential than the mineral lump. Water of ordinary 
mains quality satisfies these conditions without 
special purification and is cheap and convenient to 
use, but other liquids are in principle usable and 
may be preferable in some cases, e.g. to avoid 
chemical interaction. 

In a preferred manner of operating the new 
process, the lump or lumps to be crushed is 
retained in the gap between the electrodes while 
means are provided for removing crushed product. 

The process may conveniently be operated in 
an apparatus of the kind shown diagrammatically 
in the single figure of the accompanying drawings. 

In this apparatus, the high voltage electrode 1 
is connected to a pulse generator (not shown) 
providing pulses of about 300 kV at the rate of 
about one pulse per second of 1 00 nanosecond 
duration. The high voltage electrode 1 is shielded 
except at its tip by a thick insulating sheath 2, e.g. 
of a cured epoxy resin, glass, porcelain, or another 
ceramic. The electrode is immersed. in a liquid 
medium, e.g. water, 3 in a vessel 4. The lump of 
rock to be crushed 7 is retained inside a screen 5 
made of a plastics material. In the bottom of the 
screen 5 an earthed electrode 6 shielded by 
insulation 8 is placed. In use, the electrical 
discharge from the high voltage electrode passes 
through the rock 7. In the drawing the electrodes 
1 and 6 are shown as touching the lump 7 but this 
is not essential. When the lump has been 
disintegrated to the desired degree, the small 
particles fall through the perforations in the screen 
5 into the bottom of the vessel 4. Means (not 
shown) may be provided to shake the screen 5 
and help cause the small particles to fall through 
the perforations in the screen 5. 

In order substantially to prevent any of the 
electrical discharge passing through the ambient 
air, the diameter of the vessel 4 is made large in 
relation to the diameter of the high voltage 
electrode. The dimensions denoted A. B, C and D 
in the drawing may thus typically be as follows. 
The diameter of the screen indicated as A is about 
500 mm. The diameter of the vessel indicated 
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35 CLAIMS 

potential of 20 to 800 k\7 .1 ' J n which a 



electrodes of different sizes 

JAsss: - 

earthed electrode and a substamia , y f a ger ^ 
electrode to which a high voltage is appffd 
. 6. A process according to any of Claim! 1 ♦ c 

ro n ronr esseparaM ^ a ^A 
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oieiectnc medium having a higher dielectric 
potential than the material to be crushed two 

Po?e C nlf De C ; r ° deS ' ^ eanS f ° r «taSish!n g 7 
potential between the electrodes sufficient to 
ionize a lump of material placed thZZSSZ^L 
and means for maintaining the 2 ES£Sh. 

1 \- Apparatus according to Claim 1 0 in which 

aSSrif^ 6 15 earth6d and a h, '9 h voltage 
applied to the second electrode. 

100 ,h Jr ' Apparatus according to Claim 1 1. in which 
100 ,he first electrode is vertically below the second 

*TZll w . hich the hi9h vo,ta s e *1SE? 

1 2 IE f CC ° rding 10 a "V of Cla >™ 1 0 to 
th 2 an n the 0*^ ' S Substantia »V -a.ler . 

thJ 4 ' Appar ? tus according to Claim 1 3. in which 
the smaller electrode is earthed 

utn^llTV? ordin 9t°anyof Claims 10to 
1 4, in which each electrode is cylindrical anri ,c 
provKJed with a thick insulating Covering. " 

1 6. Apparatus according to Claim 1 0 
substantially as hereinbefore described with 
reference to the accompanying drawing, 
out ininT 688 accordin 9 l ° Claim 1 . when carried 
1 1 5 t0 1 6 PPar3tUS 35 daimed in a "V of C ™™ 1 0 
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